We examine the decay vacuum model with a parameter that indicates the vacuum energy decay rate.
I. INTRODUCTION
In the past almost two decades, a large number of observational evidences indicate that our Universe is undergoing a phase of accelerated expansion [1] [2] [3] [4] . Dark energy (DE) is introduced to understand this phenomenon of late-time accelerating expansion. The most popular candidate of dark energy is the cosmological constant (CC) or Λ term [5] in the framework of general relativity (GR). The Λ-cold-dark-matter (ΛCDM) model can explain the current cosmological observations very well, but there are two unsolved puzzles, i.e., the so-called fine-tuning [6] and coincidence problems [7] . The former indicates that the Λ value inferred by observations (ρ Λ = Λ/8πG
10
−47 GeV 4 ) differs from theoretical estimates given by quantum field theory (ρ Λ ∼ 10 71 GeV 2 )
by almost 120 orders of magnitude, while the latter, which implies that the problem with Λ is to understand why dark energy density is not only small, but also of the same order of magnitude of the energy density of cold dark matter (CDM). As a consequence, to alleviate or even solve these problems, a flood of dark energy models are proposed and studied by cosmologists, such as phantom [8] , quintessence [9] [10] [11] [12] , decaying vacuum [13] [14] [15] , bulk viscosity [16] [17] [18] [19] , Chaplygin gas [20, 21] and so on.
In this study, we focus on decaying vacuum model (DVM), which attempts to alleviate the coincidence problem by allowing the CDM and DE to interact with each other [22] . We follow the model proposed by Wang and Meng that assume the form of the modification of the CDM expansion rate due to the DV effect. This decaying vacuum scenario has been discussed, for example in Ref. [23] the authors used SNe Ia, Chandra measurements of the X-ray gas mass fraction in 26 galaxy clusters and CMB data from WMAP and get the vacuum decay rate parameter lies on the interval = 0.11 ± 0.12. Ref. [24] have shown that the constraint of decay rate parameter = 0.000
−0.000 after using SNe Ia, BAO and CMB shift parameter data sets. In this work, we plan to re-examine this DVM by using the latest observational data and use the CAMB and CosmoMC [25, 26] 
II. DECAYING VACUUM MODEL
Here, we follow the arguments exhibited in Ref. [13] , where the standard continuity equation for CDM has been modified,ρ
where ρ Λ and ρ m are the energy density of vacuum and CDM, respectively.
Since consider the interaction between vacuum energy and CDM, there is a deviation of CDM's evolution from the standard evolution, which can characterize by a term , i.e.,
where ρ m0 is the current CDM energy density, is a constant parameter that describe the vacuum energy decay rate. If > 0 implies vacuum energy decay into CDM, thus the CDM component will dilute more slowly. On the contrary, < 0 implies CDM decay into vacuum. And = 0 corresponding to non-interacting scenario. Now, by integrating Eq. 1 one can get
whereρ Λ0 is an integration constant representing the ground state of the vacuum. Note that, for this DVM, we have ignored the contribution from the radiation and spatial curvature components, and considered the physical equation of stat (EOS) of the vacuum ω Λ ≡ p Λ /ρ Λ equal to constant −1. So the Friedmann equation can be rewritten as
III. NUMERICAL CALCULATIONS AND ANALYSIS RESULTS
To study quantitatively the properties of dark energy, we perform global constraints on our DVM by using the latest cosmological observations, which are exhibited as follows: (i) CMB: the CMB temperature and polarization data from Planck 2015 [27] , which includes the likelihoods of temperature (TT) at 30 l 2500, the cross-correlation of temperature and polarization (TE), the polarization (EE) power spectra, and the Planck low-l temperature and polarization likelihood at 2 l 29.
(ii) BAO: we employ four BAO data points: Six Degree Field Galaxy Survey We adopt the Markov Chain Monte Carlo (MCMC) method with the data above mention to constrain this DVM. We modifies the public package CosmoMC and Boltzmann code CAMB to infer the posterior probability distributions of cosmological parameters. In addition, the χ 2 function for the data from H(z) is take to be
where the H th is the theoretical prediction, calculated from CAMB, and H o and E represent the observational value and error, respectively. In Table I and Fig. 1, we show the values in the best-fit points and corresponding 1σ errors of individual parameters and 1-dimensional posterior distributions on the individual parameters and 2-dimensional marginalized contours of the DVM. One can find that the best fit value of is about ∼ −0.0003, this value very close to the standard non-interacting case but slightly smaller than 0, which implies CDM decay to vacuum energy, and noting that the χ datasets. We conclude that the DVM deviates slightly from the ΛCDM model and is favored by the current observations.
To study the details of constrained parameters further and compare them in the DVM and noninteracting case, i.e. ΛCDM, we exhibit their 1-dimensional posterior distributions in Fig. 2 . We find that the value of baryon density Ω b h 2 of DVM almost the same as that of ΛCDM model, due to baryon matter is not involved in the interaction. Furthermore the value of CDM density Ω c h 2 and redshift of the radiation-matter equality z eq of the DVM are larger than those of the ΛCDM model, and the value of vacuum density Ω Λ is smaller than those of the ΛCDM model. This result is consistent with the conclusion that CDM decaying to vacuum energy.
We also interested in the tension between the improved local measurement H 0 = 73.24 ± Additionally, we calculate the effective EOS of vacuum [13] :
In figure 4 , we show the relation between the redshift z and the effective EoS of vacuum. One can find that the EoS is large then -1, denote the DVM is a quintessence-like, but get a value below -1 at 2σ C.L., then the DVM become a phantom-like.
IV. CONCLUSIONS
In this work, we have reviewed the decay vacuum model. We have shown that the tightest constrain we can give, the numerical analysis results are exhibited in Table I and figs. 1, 2, 3.
Combining the data of CMB temperature fluctuation and polarization, the baryon acoustic oscillations (BAO), the SN Ia sample "Joint Light-curve Analysis" (JLA) and H(z) measurements, we have found that = −0.0003 ± 0.00024. This result is consistent with Ref. [24] , but the decay rate parameter is slightly smaller than 0 in our work, which imply the dark matter energy decay to vacuum energy. The 1-dimensional posterior distributions of Ω b h 2 , Ω c h 2 , Ω Λ and z eq constrained by the combination CMB+BAO+JLA+OHD are supporting this conclusion. Furthermore, we find the DVM can alleviate the current H 0 tension from 3.4σ to 2.95σ. Finally, we shown the effective EOS defined as equation 6, which denote our Universe is a quintessence-like and can become a phantom case at 2 σ C.L..
